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required by the image processing unit 424. Next, in step 634, 
the auto-rotate unit 422 transfers the captured image data in 
the image data field 419 location (r roM/ , c column ) to the image 
processing unit 424. In step 636, the auto-rotate unit 422 
increments "row" to a row containing a next pixel color 
required by the' image processing unit 424. In step 638, if 
"last row" has been transferred, the method proceeds to step 
639, otherwise the method returns to step 634. In the 
preferred embodiment "last row" is "r," as shown in FIG.* 
5B. When "last row" has been transferred in step 638, an 
entire line of portrait__right image data has been transferred 
to the image processing unit 424. In step 639 the image 
processing unit 424 performs any required image processing 
on the transferred image data. Step 640 then decrements 
"column" to a next pixel column required by the image 
processing unit 424. Finally, if in step 642 "last column" has 
not yet been transferred the method returns to step 632, 
otherwise the method ends. In the preferred embodiment 
"last column" is "c l9 " as shown in FIG. 5B. 

In step 644 of FIG. 6D, the auto-rotate unit 422 configures 
the image processing unit 424 to accept an image data line 
length corresponding to a landscape image. In step 646, the 
auto-rotation unit 422 initializes a variable named "row" 
stored in the working memory 418 to a first pixel row (i.e. 
to row rj), within the image data field 419, required by the 
image processing unit 424. In step 648, the auto-rotation unit 
422 initializes a variable named "column" stored in the 
working memory 418 to a column (i.e. to column Cj) within 
the image data field 419 containing a first pixel color 
required by the image processing unit 424. Next, in step 650, 
the auto-rotate unit 422 transfers the captured image data in 
the image data field 419 location (r^, c column ) to the image 
processing unit 424. In step 652, the auto-rotate unit 422 
increments "column" to a column containing a next pixel 
color required by the image processing unit 424. In step 654, 
if "last column" has been transferred, the method proceeds 
to step 655, otherwise the method returns to step 650. In the 35 
preferred embodiment "last column" is "Cy_ l5 " as shown in 
FIG. 5C When "last column" has been transferred in step 
654, an entire line of landscape image data has been trans- 
ferred to the image processing unit 424. In step 655 the 
image processing unit 424 performs any required image 40 
processing on the transferred image data. Step 656 then 
increments "row" to a next pixel row required by the image 
processing unit 424. Finally, if in step 658 "last row" has not 
yet been transferred the method returns to step 648, other- 
wise the method ends. In the preferred embodiment "last 45 
row" is as shown in FIG. 5C. 

While the present invention has been described with 
reference to certain preferred embodiments, those skilled in 
the art will recognize that various modifications may be 
provided. For instance, while the preferred embodiment of 50 
the present invention selects and processes the captured 
image data as a rectangular array, alternate embodiments 
could select and process the image data as an array of tiles 
rather than lines. Furthermore, by transferring the pixels 
signals to the image processing unit 424 in a different order, 55 
a mirror image or an upside-down image of the captured 
image data can be presented on the image display 100. 
Lastly, while the preferred embodiment is implemented in 
software, those skilled in the art would readily recognize that 
a hardware equivalent implementation would also be accept- 60 
able. These and other variations upon and modifications to 
the preferred embodiment are provided for by the present 
invention which is limited only by the following claims. 
JiVhat is claimed is: 7 

An apparatus for^rotating a display orientation of 65 
ed image data representative of an object, the appa- 
-mprising: ( 
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an image sensor, for generating 
an orientation sensor coupled ti 
generating a signal correspond 
image sensor relative to said 
a memory, having an auto-rotate [imt comprising program 
instructions for selectively tra isforming said captured 
image^ data into rotated image data in response to said 
position signal, said memory coupled to said image 



d captured image data; 

said image sensor, for 
ng to the position of the 
bject; 



sensor jand to said orientation sensor; and 
an image processing unit coupl ;d to said memory for 
executing program instructions] stored in said memory; 
wherein (a) said image processing unit processes an i-by-j 
array of said captured image dai a and said image sensor 
generates an i+l-by-j+1 array o t said image data, or (b) 
an image capture unit generates an additional row and 
column of pixels for said captur id image data from said 
image senspr. 

2. The apparatus of claim 1, wher ;in the memory further 
comprises: 

an image processing unit comprisii ig program instructions 
for transforming one from a gr Dup consisting of cap- 
tured image data and portrait image data, into pro- 
cessed image data. 

3. The apparatus of claim 1, wl erein: the signal is a 
portrait___left signal if the image sens or is rotated clockwise 
from a landscape orientation relative to the object, and the 
signal is a portrait_right signal if the image sensor is rotated 
counter-clockwise from the landscap ; orientation relative to 
the object; and 

the auto-rotate unit comprises program instructions for 
transforming the captured imag( data into portrait_left 

image data in response to the r. ortrait left signal and 

into portrait__right image data in response to the 
portrait_right signal. 

4. The apparatus of claim 1, whei ein: 

the signal is a landscape signal if the image sensor is 
positioned in a level orientation relative to the object; 
and 

the auto-rotate unit comprises program instructions for 
transforming the captured imaje data into landscape 
image data in response to the 1 mdscape signal. 

5. The apparatus of claim 3, whe -ein: 

the image sensor has a top, a botto n, a right side and a left 
side; 

the auto-rotate unit program ins ructions transform the 
captured image data into the \ ortrait_left image data 
by transferring a prior portrait _left line of image data 
which starts further toward tl e bottom of the image 
sensor and ends further toward the top of the image 
sensor, then transferring a subsequent portrait__left line 
of image data, located closed to the right side of the 

image sensor than the prior portrait ^left line of image 

data, and also starting further/toward the bottom of the 
image sensor and ending further toward the top of the 
image sensor; and I 
the auto-rotate unit program iistructions transform the 
captured image data into the 
by transferring a prior portra 



portrait__right image data 
right line of image data 
which starts further toward the top of the image sensor 
and ends further toward the b Dttom of the image sensor, 
then transferring a subsequ 
image data, located closer tc 
sensor than the prior portrait 



nt portrait__right line of 
the left side of the image 
_right line of image data, 
and also starting further tov rard the top of the image 
sensor and ending further toward the bottom of the 
image sensor. 
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6. The apparatus of claim 4, wherein: 
the image sensor has a top, a bottom, a ri^ht side and a left 

side; and / 
the auto-rotate unit program instructions transform the 
captured image data into the landscape image data by 
transferring a prior landscape line o; image data which 
starts further toward the left side o : the image sensor 
and ends further toward the right side of the image 
sensor, then transferring a subsequer t landscape line of 
image data, located closer to the bottom of the image 
sensor than the prior landscape line of image data, and 
also starting further toward the left side of the image 
sensor and ending further toward the right side of the 
image sensor. 

7. The apparatus of claim 3, wherein: 
the portrait_left signal is generated by the orientation 

sensor if the image sensor is rotated approximately 45° 
clockwise from the level orientation, and the portrait_ 
right signal is generated by the orientation sensor if the 
imaging subsystem is rotated /approximately 45° 
counter-clockwise from the leveyorientation. 

8. The apparatus of claim 5, wherein: 

the prior portrait_left line of image data and the prior 
portrait_right line of image dafta comprise a "green, 
red, green, red" pixel pattern; afad 
the subsequent portrait_left line [of image data and the 



the multicolor captured 
i portraiLJeft signal in 



subsequent portrait_right line 
a "blue, green, blue, green" pi 
9. An apparatus for rotating a 
multicolor captured image data havijig an i-by-j pixel matrix 
with a pattern representative of an Dbject, comprising: 
an image sensor, for generating 

image data; 
an input device, for generating 
response to a first user selectio i, a portraiLjight signal 
in response to a second user selection, and a landscape 
signal in response to a third riser selection; 
a memory, having: / 

an auto-rotate unit comprising program instructions for 
selectively transforming the multicolor captured 
image data into portraitist image data in response 
to the portrait-left signal, portrait_right image data 
1 in response to the portra it right signal, and land- 
scape image data in respo lse to the landscape signal; 
and 

an image processing unit comprising program instruc 
tions for transforming th i portrait_left image data, 



the portrait_right imagu 



image data into processed image data; and 

a processing unit, coupled to tl e image sensor, to the input 
device, and to the memo y, for executing program 
instructions stored in the n emory; 
wherein said image processing unit changes the number 55 
of pixel rows and pixel columns of the multicolor 
captured image data such :hat, from a defined refer- 
enced viewpoint, the portn it left image data, the por- 
trait right image data, and the landscape image data, 
each includes the an (i-l)-by-(j-l) pixel matrix having 60 
said pattern. 

10. The apparatus of claim 9, (wherein the image process- 
ing unit has a first line length for processing the portrait_left 
image data and the portrait_rig it image data and a second 
line length for processing the la ndscape image data. 65 

11. A method for rotating a d splay orientation of image 
data representative of an object, comprising the steps of: 
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f image data comprise 
el pattern. 

display orientation of 30 
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generating image data with an ima^ sensor; 

identifying an orientation of the image sensor relative to 
the object at a time substantiallyBimultaneous with the 
generating step, where said identifying is performed by 
an orientation sensor; and I 

selectively transferring data to an image processing unit in 
response to the identifying stepA 

wherein said image processing unfit rotates said display 
orientation of said image data\|and (a) said image 
processing unit processes an i-b|-j array of said cap- 
tured image data and said image sensor generates an 
i+l-by-j+1 array of said image data, or (b) an image 
capture unit generates an additional row and column of 
pixels for said captured image dnta from said image 
sensor. 



of: 



12. The method of claim 11, furthe 



comprising the step 



generating an additional row and CDlumn of image data. 

13. The method of claim 11, furthe r comprising the step 
of correcting defects within the image lata caused by defects 
within the image sensor. 

14. The method of claim 11, whedein the image sensor 
comprises a top, a right side and a left side, wherein the 
image comprises a "top portion," an< wherein the step of 
identifying an orientation further com arises the steps of: 

identifying a portrait_left orientation, if the left side of 
the image sensor corresponds to tt e "top portion" of the 
object; 

identifying a portrait__right oriental >n, if the right side of 
the image sensor corresponds to th ; "top portion" of the 
object; and 

identifying a landscape orientation, ii the top of the image 
sensor corresponds to the "top portion" of the object. 

15. The method of claim 11, where: n the step of identi- 
fying an orientation further comprises the steps of: 

identifying a portrait__left orientation, in response to a 
user selection of the portrait__le :t orientation on an 
input device; 

identifying a portrait right oriental on, in response to a 

user selection of the portrait_rig it orientation on the 

input device; and 
identifying a landscape orientation, n response to a user 

selection of the landscape oriectation on the input 

device. 

16. The method of claim 11, wherei i the orientation is a 
portrait_left orientation, wherein the image data is com- 
prised of an array of pixel colors ordered in rows and 

ectively transferring 
comprises the steps of: 

initializing a column variable to a first column of pixel 

colors required by the image pr< cessing unit; 
initializing a row variable to a row ;ontaining a first pixel 

color required by the image processing unit; 
transferring pixel coior at an array location defined by the 
row variable and the column variable to and the image 
processing unit; J ™* 

decrementing the row variable to A row containing a next 

pixel color required by the image processing unit; 
returning to the transferring step, ff a row containing a last 

pixel color has not been transl erred; 
incrementing the column variat le to a next column of 
pixel colors required by the in age processing unit; and 
returning to the initializing a ro v variable step, if a last 
column of pixel colors has m l been transferred. 



data and the landscape 5Q columns? and wherein the step of se 
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therein the image data is 
/nsor information, further 
I the steps of claim 16. 
Lirther comprises the steps 

hg unit to accept an image 
ding to the portrait__left 

a line of transferred 
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17. The method of claim 16, 
replaced by defective image 
comprising the step of repeating 

18. The method of claim 16, 

of: 

configuring the image processil 

data line length correspor 

orientation; and 
performing image processing 

image data. 

19. The method of claim 11, whWein the orientation is a 
portrait_right orientation, wherein) the image data is com- 
prised of an array of pixel colons ordered in rows and 
columns, and wherein the step ofj selectively transferring 
comprises the steps of: I 

initializing a column variable t© a first column of pixel 

colors required by the image/ processing unit; 
initializing a row variable to a row containing a first pixel 

color required by the image processing unit; 
transferring pixel color at an ar ay location defined by the 

row variable and the column variable, to the image 

processing unit; 
incrementing the row variable to a row containing a next 

pixel color required by the image processing unit; 
returning to the transferring stepAif a row containing a last 

pixel color has not been transferred; 
decrementing the column variable to a next column of 

pixel colors required by the im ige processing unit; and 
returning to the initializing a ro\ r 

column of pixel colors has not 

20. The method of claim 11, wherein the orientation is a 
landscape orientation, wherein the i nage data is comprised 
of an array of pixel colors ordered in rows and columns, and 
wherein the step of selectively transfr rring further comprises 35 
the steps of: 

initializing a row variable to a fii st row of pixel colors 

required by the image processing unit; 
initializing a column variable to 

first pixel color required by the 
transferring pixel color at an array 

row variable and the column 

processing unit; 
incrementing the column variable 

a next pixel color required b 

unit; 

returning to the transferring step. 

a last color pixel has not been 
incrementing the row variable 

colors required by the image 
returning to the initializing a coluhin variable step, if a last 

row of pixel colors has not be en transferred. 

21. An apparatus for rotating 
multicolor image data having an 
pattern representative of an object, 

means for generating multicolor 
sensor; 

orientation sensor means for identifying an orientation of 
said image sensor relative to said object at a time 
substantially simultaneous v*ith said generating said 
multicolor image data; and 

means for selectively transferring said multicolor image 
data to an image processing 
means for identifying; 

wherein said image processing 



variable step, if a last 30 
been transferred. 



column containing a 
image processing unit; 
location defined by the 
variable, to the image 

to a column containing 
the image processing 



if a column containing 
transferred; 

3 a next row of pixel 
; >rocessing unit; and 



display orientation of 
by-j pixel matrix with a 
comprising: 

mage data with an image 
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unit in response to said 



mit rotates said display 
orientation of said multicolor mage data for providing 



a left side, wherein the 
and wherein the means for 
comprises: 

_Jeft orientation, if the left 
corresponds to the "top 



rotated multicolor imagejdata, and changes the number 
of pixel rows and pixel columns of said multicolor 
image data such that, from a defined referenced 
viewpoint, said rotated multicolor image data includes 
having an (i-l)-by-(j-l) pixel matrix said pattern. 

22. The apparatus of claim ^1, further comprising means 
for generating an additional row and column of image data. 

23. The apparatus of claim 21, further comprising means 
for correcting defects within Jhe image data caused by 
defects within the image sensor- 

24. The apparatus of claim 21L wherein the image sensor 
comprises a top, a right side and 
image comprises a "top portion," 
identifying an orientation further 

means for identifying a portrait 

side of the image sensor 

portion" of the object; 
means for identifying a portrajit_right orientation, if the 

right side of the image sensor corresponds to the % 

portio n" of the object; and! 
means tor identifying a landsc ape orientation, if the top of 

the image sensor correspon Is to the "top portion" of the 

object. 

25. The apparatus of claim 2 wherein the orientation is 
a portraiLjeft orientation, whe rein the image data is com- 
prised of an array of pixel c Dlors ordered in rows and 
columns, and wherein the mean 5 for selectively transferring 
comprises: 

means for initializing a colur in variable to a first column 
of pixel colors required b> the image processing unit; 

means for initializing a row variable to a row containing 
a first pixel color required by the image processing unit; 

means for transferring pixel color at an array location, 
defined by the row variable and the column variable, to 
the image processing unit; 

means for decrementing the ow variable to a row con- 
taining a next pixel color equired by the image pro- 
cessing unit; 

means for returning to the me ins for transferring, if a row 
containing a last pixel cole r has not been transferred; 

means for incrementing the column variable to a next 
column of pixel colors req lired by the image process- 
ing unit; and 

means for returning U^, the 1 leans for initializing a row 
variable, if a last column )f pixel colors has not been 
transferred. 

26. The apparatus of claim 2 1, wherein the orientation is 
a portrait__right orientation, wherein the image data is 
comprised of an array of pixel colors ordered in rows and 
columns, and wherein the meat s for selectively transferring 
comprises: 

means for initializing a colu nn variable to a first column 

of pixel colors required b y the image processing unit; 
means for initializing a row variable to a row containing 

a first pixel color required by the image processing unit; 
means for transferring pixel color at an array location, 

defined by the row variab] e and the column variable, to 

the image processing uni ; 
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row variable to. a row con- 
required by the image pro- 



means for incrementing the 
taining a next pixel color 
cessing unit; 

means for returning to the mtans for transferring, if a row 
containing a last pixel col or has not been transferred; 

means for decrementing th< column variable to a next 
column of pixel colors re( [uired by the image process- 
ing unit; and 
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means for returning to the means , for initializing a row 
variable, if a last column of pi: el colors has not been 
transferred. 

27. The apparatus of claim 21, wl erein the orientation is 
a landscape orientation, wherein the nnage data is comprised 
of an array of pixel colors ordered inlrows and columns, and 
wherein the means for selectively transferring comprises: 



20 



means for initializing a row variab 



colors required by the image pr >cessing unit; 



to a first row of pixel 



variable to a column 30 



at an array location, 



if 



means for initializing a column 

containing a first pixel color required by the image 

processing unit; 
means for transferring pixel colof 

defined by the row variable and/the column variable, to 

the image processing unit; / 
means for incrementing the column variable to a column 

containing a next pixel colori required by the image 

processing unit; 
means for returning to the me; ns for transferring, if a 

column containing a last cc lor pixel has not been 

transferred; 

means for incrementing the row Variable to a next row of 
pixel colors required by the image processing unit; and 
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33. The computer useable medii m of claim 28, wherein 
means for returning to the mean£ for initializing a column 25 (he orientation ^ a p 0r trait_right mentation, wherein the 

image data is comprised of an array of pixel colors ordered 



32. The computer useable medium <frf claim 28, wherein 

the orientation is a portrait left orientation, wherein the 

image data is comprised of an array of pixel colors ordered 
in rows and columns, and wherein me program code for 
performing the step of selectively transferring comprises 
program code for: 

initializing a column variable to a first column of pixel 

colors required by the image processing unit; 
initializing a row variable to a rowjcontaining a first pixel 

color required by the image pre cessing unit; 
transferring pixel color at an array 
row variable and the column 
processing unit; 
decrementing the row variable to b row containing a next 

pixel color required by the imige processing unit; 
returning to the transferring step, f a row containing a last 

pixel color has not been trans] erred; 
incrementing the column variable to a next column of 
pixel colors required by the image processing unit; and 
returning to the initializing a row variable step, if a last 
column of pixel colors has not been transferred. 



ocation, defined by the 
Variable, to the image 



been 



variable, if a last row of p xel colors has not 
transferred. 

28. A computer useable mediim embodying computer 
readable program code for causi lg a computer to rotate a 
display orientation of multicolor i nage data having an i-by-j 30 
pixel matrix with a pattern reprc sentative of an object, by 
performing steps comprising: 

generating said multicolor image data with an image 
sensor; 

identifying an orientation of tie image sensor relative to 
the object at a time substanti ally simultaneous with the 
generating step, wherein sai 1 identifying of said orien- 
tation is performed with an orientation sensor; and 

selectively transferring image c ata to an image processing 
unit in response to the iden ifying step, 

wherein said image processin i unit rotates said display 
orientation of said multicolc r image data for providing 
rotated multicolor image dai a, and changes the number 
of pixel rows and pixel columns of said multicolor 
image data such that, from a defined referenced 
viewpoint, said rotated mull icolor image data includes 
having a n (i-l)-by-(j-l) pi::el matrix said pattern. 

29. The computer useable medium of claim 28, further 
comprising program code for ge lerating an additional row 
and column of image data. 

30. The computer useable me 3ium of claim 28, further 
comprising program code for co recting defects within the 
image data caused by defects wi hin the image sensor. 

31. The computer useable mec lium of claim 28, wherein 
the image sensor comprises a top a right side and a left side, 
wherein the image comprises a ' top portion," and wherein 
the program code for performing the step of identifying an 
orientation further comprises program code for: 

identifying a portrait__left orientation, if the left side of 
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the image sensor correspon Is to the "top portion" of the 
object; 

identifying a portrait__right oKentation, if the right side of 



the image sensor correspor 
object; and 
identifying a landscape orien 



ds to the "top portion" of the 
tion, if the top of the image 



sensor corresponds to the hop portion" of the object. 



in rows and columns, and whereii the program code for 
performing the step of selectively transferring comprises 
program code for: 

initializing a column variable tc a first column of pixel 

colors required by the image processing unit; 
initializing a row variable to a rc w containing a first pixel 

color required by the image processing unit; 
transferring pixel color at an arn y location, defined by the 
row variable and the colum i variable, to the image 
processing unit; 
incrementing the row variable t ) a row containing a next 

pixel color required by the i nage processing unit; 
returning to the transferring stef , if a row containing a last 

pixel color has not been trai sferred; 
decrementing the column variible to a next column of 
pixel colors required by the mage processing unit; and 

returning to the initializing a i ow variable step, if a last 

column of pixel colors has pot been transferred. 
34. The computer useable mepium of claim 28, wherein 
the orientation is a landscape orientation, wherein the image 
data is comprised of an array of pixel colors ordered in rows 
50 and columns, and wherein the program code for performing 
the step of selectively transferring comprises program code 
for: 

initializing a row variable li> a first row of pixel colors 

required by the image processing unit; 
initializing a column variable to a column containing a 
first pixel color required by the image processing unit; 

transferring pixel color at aJ array location, defined by the 
row variable and the cilumn variable, to the image 
processing unit; 
incrementing the column Variable to a column containing 
a next pixel color required by the image processing 
unit; 

returning to the transferrijig step, if a column containing 

a last color pixel has riot been transferred; 
incrementing the row variable to a next row of pixel 
colors required by the Km age processing unit; and 
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returning to the initializing a coli 
row of pixel colors has not 

35. An apparatus for rotatin; 
multicolor captured image data h 
with a pattern representative of al 

an image sensor, for generatin; 
image data; 

an orientation sensor coupled t' 
generating a signal correspoi 
said image sensor relative to 



mn variable step, if a last 

en transferred, 
a display orientation of 
ing an i-by-j pixel matrix 

object, comprising: 
said multicolor captured 

. said image sensor, for 
iding to the position of 
lid object; and 



a hardware device, having! an auto-rotate unit comprising 
circuits for selectively] transforming said multicolor 
captured image data into rotated multicolor image data 
in response to said position signal, said hardware 
device coupled to said image sensor and to said orien- 
tation sensor; 

wherein, from a definedl referenced viewpoint, said 
rotated multicolor imageldata includes an (i-l)-by-(j- 
1) pixel matrix having slid pattern. 



